A stepwise change in the frequency of a continuous pure tone is taken as an element signal. The detectability of a single step is compared with the detectability of a pattern composed of two such steps in order to determine the ways in which the steps interact and how these interactions depend upon the time interval between the steps. It is shown that two positive steps separated by D msec interact by summation (d' for two steps being greater than d' for a single step) and that this summation is 100% even when D=100 msec. The extent of summation decreasesas D is increased beyond100msec, levelingoffat about 40% when D is near 1,000msec. A positive step followed by a negative step (an increment) presents a more complex picture. When D=O msec, the pattern is the null signal, and, of course, the two steps subtract completely. As D is increased, the extent of subtraction decreases, becomingzero when D is about 400 msec. Increasing D beyond 400 msecresults in summation, reaching about 40% when D=2,000 msec. For D less than about 1,000 msec, the sign of the second step in a two-step signal is important: two steps of like sign summate, and two steps of unlike sign subtract. However, when the two steps are separated by about 2,000 msec, the sign of the second step is irrelevant: summation occurs,and the extent, about 40%,is the same for two steps of like sign and two steps of unlike sign. A brief theoretical discussion stresses the extant need for an information-processing theory of signal detection.
A stepwise change in the frequency of a continuous pure tone is taken as an element signal. The detectability of a single step is compared with the detectability of a pattern composed of two such steps in order to determine the ways in which the steps interact and how these interactions depend upon the time interval between the steps. It is shown that two positive steps separated by D msec interact by summation (d' for two steps being greater than d' for a single step) and that this summation is 100% even when D=100 msec. The extent of summation decreasesas D is increased beyond100msec, levelingoffat about 40% when D is near 1,000msec. A positive step followed by a negative step (an increment) presents a more complex picture. When D=O msec, the pattern is the null signal, and, of course, the two steps subtract completely. As D is increased, the extent of subtraction decreases, becomingzero when D is about 400 msec. Increasing D beyond 400 msecresults in summation, reaching about 40% when D=2,000 msec. For D less than about 1,000 msec, the sign of the second step in a two-step signal is important: two steps of like sign summate, and two steps of unlike sign subtract. However, when the two steps are separated by about 2,000 msec, the sign of the second step is irrelevant: summation occurs,and the extent, about 40%,is the same for two steps of like sign and two steps of unlike sign. A brief theoretical discussion stresses the extant need for an information-processing theory of signal detection.
The stimulus increment that serves as the signal in many detection experiments is a somewhat complex event that probably produces a total sensory effect that is both multidimensional and extended in space and time. An increment having a duration of D msec consists of a positive step as its beginning, followed by a negative step D msec later. The two steps are equal in magnitude but opposite in sign, and they are separated by a time interval during which the signal energy differs from the prevailing energy level (either that prevailing prior to the increment or in other 'regions simultaneously with the increment, or both). As an example, consider a signal that is a small spot of light presented briefly upon a larger background that is continually present. In the region of the target, there is a temporal gradient of luminance at signal onset and a second temporal gradient at signal offset. There is also a spatial gradient at the edge of the spot while it is present. These three stimulus gradients may produce qualitatively different excitatory effects. A similar example from audition is a brief sinusoid presented in a noise background.
An increment, therefore, might produce multiple sensory effects, especially when it is of long duration, and the detection of an increment might involve, in part, the combining of information arising from multiple sources. The rules that govern the combining of the information would then in part This research was supported by Grants A8260 and A7919 from the Natural Sciencesand Engineering Research Council of Canada. determine the detectability of the signal. Any experimental operation that changed those rules might, therefore, affect detectability. By such means, an experimental operation designed, say, to shift a criterion might yield a receiver-operating characteristic having a shape determined partly by a change in the rules of combination.
The general point is obvious: Theories of signal detection need to include a theory of the stimulus and its sensory effects. This attitude has led us to begin a systematic experimental analysis of signals. For this analysis, we have chosen a pure temporal gradient, a single step, as the unit signal and have proceeded to study such steps when only one step is the signal and when more than one are combined to form a patterned signal.
In the experiments reported below, the steps are abrupt changes in the frequency of a pure tone. The size of a step is l1F so that, in the case of single steps, the frequency of the tone goes from F to F + l1F when the step is positive and from F to F -l1F when the step is negative. These single steps are shown in Figures la and lb, respectively . At the beginning of every trial, the frequency is F. This paper is concerned with those signal patterns formed by two steps that are of equal amplitude and that are separated in time by D msec. There are two kinds of two-step signals, those of like sign, in which both steps are positive or both are negative, and those of unlike sign, in which one step is positive and the other is negative.
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criminated from the null signal. The proportion of "yes" responses is determined for each signal and is the false-alarm rate and hit rate, respectively. Detectability is determined from these proportions in terms of d' , using signal detection theory and the table of d' in Green and Swets (1966) . The experiments, to be reported below, were done for the purpose of comparing the detectability of two-step patterns with the detectability of the individual steps that comprise the patterns in order to determine the ways in which steps interact and how those interactions depend upon the time interval between them. Certain fairly obvious statements can be made about these interactions in advance, and these are discussed next to provide a framework within which empirical statements about the interactions can be made in a complete and efficient way. Those empirical statements are the purpose of this paper.
The detectability of a signal composed of two steps of like sign would be expected, in general, to be greater than that of either step presented alone. This is most obvious when D is zero, because it is merely the expectation that d' is an increasing function of 4F. Therefore, we will say that two steps of like sign are additive: the net interaction is one of summation. If d ' were directly proportional to 4F for a single step, we would then conclude that summation is perfect for steps of like sign when D is zero. As D is increased above zero, and the signal is like Figure lc, the extent of summation between the two steps may or may not diminish; if it does diminish, then the time course of the diminution and the eventual level attained when D is very large need to be determined.
The mode of interaction for two steps of unlike sign is quite different, being subtractive rather than additive. An experiment is not needed to demonstrate that this is so when D is zero because d' for a null signal is zero. Two steps of opposite sign and equal 4F cancel completely when they occur simultaneously. As D is increased above zero, the pattern of two steps becomes increasingly detectable. Thus, is can be said that there is a subtractive interaction between two steps of unlike sign and that the extent of the interaction diminishes as D increases. An experimental question is: When D is very large, does the subtractive interaction become zero or is it replaced by an additive interaction?
The terms "additive," "subtractive," and "summation" are used here to describe only empirical relationships. If a pattern of two steps is less detectable than are the single steps when presented alone, that relation is described as subtractive or as negative summation. These terms are valuable in that they allow us to make simple empirical statements, but they may be troublesome because they carry surplus meaning. We ask the reader to defer or to keep clearly separate all theoretical matters.
We have found nothing in the literature concerning The frequency of the tone retarDS to F .fter tbe InbJect makes h.. yes-no respODie. Here, both steps are positive. The first step occurs at time t h which is a fixed time following the warning signal, and the second step occurs at time t2 , which is D msec after t1 • When D is zero, the positive steps occur simultaneously and the signal pattern is a single step like Figure la , but, of course, with an amplitude of 24F. Figure ld is an example of a signal composed of two equal steps of unlike sign, a positive step at t1 and a negative step at h. Note that here the negative step is a change from F + 4F to F rather than from F to F -4F as it is for Signal b. Signal d is an "increment," and it would be a "decrement" if the temporal order of the two steps were reversed. Increments and decrements are therefore similar to each other in that both consist of two equal steps of opposite sign; they differ in the temporal order of the steps and in the level of the signal during Time D. Finally, note that the duration of an increment is the time period separating the two unit signals.
Signal e in Figure I is a null signal, there being no change in F on a trial when only e is presented. A null signal is an increment for which D is zero. Therefore, increments, decrements, single steps, double steps of like sign, and null signals are all included in the class of signals with which this paper is concerned.
Detection is defined as discrimination between a null signal and another signal. In our experiments, a yes-no method is used and one signal only is presented on a trial. On half of the trials, it is a null signal. On the remaining trials, it is a signal to be dis-the detection of single pure temporal steps along any stimulus dimension in any sensory modality. There is some information about the detection of increments and decrements. Such signals were used by S. S. Stevens and his collaborators within the context of neural quantum theory (Stevens, 1972; Stevens, Morgan, & Volkmann, 1941) . For the detection of AF increments in a continuous tone of frequency F, we can conclude from their results only that detectability increases as AF increases. There is no information there, or anywhere else, on the effect of the duration of the increment.
The detection of intensity increments in a continuous pure tone was investigated by Garner and Miller (1944) , who found that detectability increased as increment duration was increased until duration was about 500 msec and that a duration of 750 msec did not change detectability from the values obtained at 500 msec. MacMillan (1971 MacMillan ( , 1973 used signals like those of Garner and Miller and confirmed their results concerning the effect of increment duration. Neither of these investigators, however, demonstrated that there are no effects of increment duration beyond 500 msec.
Experiments on auditory frequency discrimination have not provided fully satisfactory answers to the questions we have raised above because they have not dealt with the detection of change in a prevailing frequency. For example, Jesteadt and Bilger (1974) presented a 500-msec burst of a supraliminal sinusoid in a background of continuous noise and required a judgment as to whether it was of frequency F or frequency F+AF. Wier, Jesteadt, and Green (1976) presented two such bursts on a trial, without noise but separated in time, and asked the subject to indicate the one having the higher frequency. In both of these studies, d' for the "increment" was found to be directly proportional to AF. Using a similar frequency discrimination procedure, Henning (1970) showed that discriminability improves as burst duration increases and that the function appears to level off before 500 msec and at different places on the duration axis for different base frequencies.
It is not accidental that the class of signals we have chosen to investigate includes those used by Garner and Miller (1944) and by Stevens et al. (1941) , as well as by others who worked within the context of neural quantum theory. It was a deficiency of that theory that motivated us-specifically, the assumption that a temporally extended signal can be considered to be a time-point event. It would be remarkable if only the onset of their signals had been effective for detection, especially since the offset usually occurred hundreds of milliseconds after the onset.
We first take up the case of two steps of like sign that occur simultaneously, determining d' as a function of AF for single steps in Experiment 1. The effect of varying D upon d' for a pattern of two pos-itive steps is investigated in Experiment 2, and Experiment 3 deals with the detectability of a pattern of two steps of unlike sign as a function of the time interval between them.
GENERAL MEmOD

Apparatus
The subject was seated in a dimly illuminated sound-attenuated lAC chamber. Auditory stimuli were produced by a Wavetek programmable waveform generator and were presented binaurally over earphones. The base tone was a I,OOO-Hz sinusoid, which was present continuously throughout a session. The signal steps were changes in the frequency of the base tone, which were initiated at a zero-crossing. The intensity of the tone was 74 dB in Experiment I and 72 dB thereafter.
In Experiment I, four small indicator bulbs, mounted on the wall in front of the subject, were used to indicate the beginning of a trial, to mark the response period, and to provide feedback. The subject indicated his responses by pushing buttons on the arm of his chair. In Experiments 2 and 3, the appropriate words (READY, RESPOND, SIGNAL, NO SIGNAL) were written on the display of a computer terminal and the response was made by pressingone of two keys on the terminal keyboard.
In all experiments, the presentation and timing of events and the recording of responses were under the control of a PDP8-E computer.
Procedure
In all the experiments, each trial was initiated by a SOD-msec warning signal, followed I sec later by a D-msec signal interval that was unmarked for the subject. The beginning of the signal interval was the time t, and the end of the signal interval was t. (see Figure 1 ). The response period began SOO msec after ta-In Experiment I, the response period was of a fixed duration of 2.S sec and was marked by a light. In the remaining experiments, the response period was marked by the word RESPOND and ended with the subject's response. The subject's task was to indicate either that he detected a change in the frequency of the base tone (an R, response) or that he did not detect a change (an Ro response). A SOD-msec feedback event was presented at the end of the response period, and the tone returned to the base frequency at the beginning of the feedback period. The intertrial interval was I.S sec.
Notadou
Let Sij represent a stimulus pattern consisting of two 4F steps, Step i at time t, and Step j at time t., where 4F represents the size of the frequency change in hertz. A step may be positive, negative, or zero. A positive step will be represented by the subscript" +," a negative step by .. -," and no change by "0" (i.e., i, j = 0, +, or -).
The stimulus patterns used in the experiments are shown in Figure I . The null signal is an Sou, the increment is an S._, etc.
EXPERIMENT 1: DETECTION OF SINGLE POSITIVE AND NEGATIVE STEPS
In this experiment, the relationship between the detectability (d ') of a single step and the magnitude of the step (AF) is determined. The function is measured separately for positive steps and for negative steps.
Method
Three subjects with normal hearing participated in a series of sessions using positive steps and then in a series using negative (800) was presented. The other half of the trials were 5+0 presentations during the early session and 8-0 during the later sessions. On these trials, a step with a value of ilF, which was equally likely to be anyone of five values, was presented. A block consisted of 100 trials, SO of 800 and SO of 8+0 (or 5-0),with each of the five values of ilF occurring 10 times. The subjects knew that all steps would be positive or zero during the early sessions and that all of them would be negative or zero during the later sessions. There were four blocks per session with a I-min rest between blocks. Positive steps were run for four, four, and three sessions for Subjects P.V.D., T.D., and J.B., respectively, followed by three, four, and five sessions of negative steps. The values of ilF are given in Table I for each subject. Six sessions of practice preceded the S+o series, and an additional single session preceded the S-oseries.
Results and Discussion
The obtained response proportions for each subject over all sessions are given in Table 1 . The entries in the first column are the false-alarm rates. The relationship between d I and AF is shown graphically in Figure 2 . Least squares regression lines of d' on AF are included in the figure, and the slopes (m) and intercepts (b) are given in Table 1 . The associated correlation coefficients (r) are greater than .98, except for the negative steps for Subject J.B., for which r= .9S.
The intercepts tend to be negative, but they are small, averaging -.IS for positive steps and -.12 for negative steps. The slopes are also very similar for the two kinds of steps, averaging 1.14 for positive steps and 1.12 for negative steps.
From these data: we conclude that the detectability of a single step depends upon AFbut does not depend upon the sign of the step. Positive and negative single steps are equally detectable when they are equal in magnitude.
We have made measurements like this on several additional subjects, using positive steps only, but with larger numbers of responses for each value of AF. The linearity is impressive, with r exceeding .99, and it holds for all values of d' that we have measured, including some slightly in excess of 3. Furthermore, the intercepts are consistently small and nega-tive, the average value of -.14 obtained here having also been obtained in the later measurements.
Therefore, when two equal positive steps occur simultaneously, their d I is more than twice the d I for a single one of them by about .14. But, units of AF that are added to a single step in excess of the amount required to overcome the intercept add equal amounts to d I , at least until the total d I exceeds 3. In this sense, steps of like sign summate completely when they occur simultaneously. It does not matter whether the single step is presented at tl or at t 1 • For A.K., the mean d' over all Ds is 2.05 when the single step is at t l and 2.10 when it is at h. For F.e., the corresponding values are 3.14 and 3.30. Therefore, the two single-step d' values at each D were averaged, and they are shown in Figure 3 as the broken lines.
For both subjects, d' for a single step is not affected by the time between its two possible temporal loci as long as the time does not exceed 1,000 msec. For 0 greater than 1,000, there is some decrease in d' , a small decrease for A.K., and a moderately large oneforF.e.
The detectability of 5++ is represented by the solid lines in Figure 3 . When D is small, 100 msec or less, the double step is equal in detectability to the single 4 2·0 3 1·0 Table 2 presents the values of d' obtained for each When two positive steps occur simultaneously, they summate as has been shown in Experiment 1. In this second experiment, we show how the summation changes when the two steps occur successively, separated by the time interval O.
A two-step signal for which each step is M' in magnitude shows perfect summation if it is equal in detectability to a single step that has a magnitude of 2M'. In this experiment, d' is determined for the single step and for the double step within the same series of trials. Thus, on each trial, one of four possible signals is presented: the null signal (Suo), the double step (5++) with each step being AF, a single step of 2AF at time tl (52+,0), and a single step of 2AF at time t1 (50,2+)' When 0 =0, d' ++ must equal both d' 2+,0 and d' 0,2+' If d' ++ decreases more than does d' 2+,0 and d'0,2+ as 0 is increased above zero, then the extent of summation between the two steps will have been shown to decrease.
Method
Two highly practiced subjects, A.K. and F.e., both authors of this paper, participated as subjects.
Each session consisted of four blocks of 96 trials. In each block, s... occurred on 48 trials, S.. on 16 trials, S2+,0 on 16 trials, and 80,2+ on 16 trials. The value of D was fixed within a session. F.e. did four consecutive sessions at each of five values of D in the following order: 500,1,000,200,100, and 2,000 msec, A.K. did two sessions at each of 11 values of D. Each D value was presented once in an ascending order and then a second time in a descending order, and their speciftc values are given in Table 2 . For F.e., AF=.9 Hz; for A.K., AF= 1.2 Hz.
At the beginning of a trial, the subject knew only that p =.5 that the null signal would be presented, and that if one of the . three nonnull signals were presented, the three were equally likely.
The signals were presented in this randomly intermixed manner, rather than each being pitted separately against the null signal, for two reasons. First, we wished to assess all signals under identical conditions, including the condition that all of them be processed in the same way. Second, since variations in d' from session to session are quite large, it is desirable to measure all signals during the same period of time. 1 step. The two steps separated by as much as 100 msec still summate completely. As D is increased above 100 msec, the curves diverge, indicating that the extent of summation becomes increasingly less than complete. This result will be examined more closely in a later section. 1 EXPERIMENT 3: SUMMATION OF TWO STEPS OF OPPOSITE SIGN 3 2 0"-, \b---When two equal steps of opposite sign occur simultaneously, the signal pattern is a null signal and d' =O. As D is increased from zero so that the steps occur successively, d' increases from zero and the extent of the subtractive interaction between the steps decreases. If d' for the two-step signal equals that for one of the steps presented alone, the extent of the subtraction is zero.
In this experiment, the possible signals on each trial are S+-, S+o, So-, and Sao, and the detectability of the three nonnull signals is determined as a function ofD. Soon 16 trials. The value of D was fixed within a session, but it was changed between sessions, taking on 10 values from 50 to 2,000 msec, The values of D were run once each in an ascending order beginning with 50 msec and then once each in a descending order beginning with 2,000 msec. For F.e., AF= 1.5 Hz; for A.K., AF=2.7 Hz. Table 3 contains the values of d' obtained for each signal at each D for each subject. The positive single step at t 1 does not differ from the negative single step at tz for Subject A.K. (mean d' =2.18 vs. 2.17, respectively). For F.C., there is a consistent small difference, d' being larger in 9 of the 10 cases, and averaging 1.99 for the positive step and 1.71 for the negative step. These results are consistent with the above findings that positive and negative steps are about equally detectable (Experiment 1) and that detectability is approximately the same at t 1 as it is at t 1 (Experiment 2).
Results and Discussion
Once again, d' was averaged for the two single steps at each D, and the result is shown in Figure 4 as the broken lines. The large change in D has very little effect upon d' for the single steps, there being a slightdecrease(.4 units) for A.K. and an even smaller increase (.1) for F.C. as D is increased from 50 to 2,000 msec.
The detectability of the increment, S+_, is represented by the solid lines in Figure 4 . When D is small, the two-step signal is less detectable than either step alone. As D increases, D' +_ increases until it becomes equal to the single step when D IS between 400 and The summation functions are shown in Figure 5 . The functions for the two subjects agree closely. As D exceeds 100 msec, the top two curves, representing S++, begin to drop away from 1:= 1.0. The extent of summation diminishes until D reaches 1,000 msec.
For S+_, the two lower curves show that the net effect is subtractive until D exceeds 400 msec. Beyond 500 msec, the positive and negative steps summate instead of subtract. All four curves achieve approx-. imately the same level when D reaches 1,250 msec, although for D as great as 1,000 msec, the relation of the sign of the second step to that of the first step in a two-step signal has some effect upon the detectability of the pattern.
When the two steps are separated by 2,000 msec, the average value of:r is .43. This means that d' for a two-step signal is approximately the square root of twice d' for a single step. This might encourage one to speculate about multiple observations (Kinchla, 1969) as a summation mechanism. We discuss later why this cannot be the case here.
However, it is plausible to interpret this summation at D =2,000 in terms of the summation of independent probabilities. This view states simply that each signal step increases the probability of a hit by an amount that is the same regardless of the presence or absence of other steps in the pattern. Table 4 shows the result of such calculations. 5 
GENERAL DISCUSSION
The experiments reported above deal with the detection of patterns of stepwise changes in the frequency of a continuous pure tone. The purpose of the present paper is to begin an analysis of signals by taking a single temporal step-in this case, a change from F to F + AF-as the unit of analysis and proceeding to establish empirical laws that describe the interactions among the detectabilities of such elements. We now propose two such empirical generalizations.
The first generalization is that the detectability of a signal consisting of multiple steps, all of the same sign, is a sum of the detectabilities of the individual SOO msec. Further increases in D yield a slow additional increase in d ' +_, so that the pattern of two unlike steps is clearly more detectable than either step alone when D is large (Footnote 3). The offset of an increment contributes to the detectability of the increment when D is large, at least within the conditions of these experiments. When the offset of a long increment is removed, leaving just the positive step at tto detectability is reduced-even though removing the offset increases the time for which the signal level is at F +AP.
The data from Experiments 2 and 3 can be analyzed further in terms of an empirical index of summation. This index, :r, varies between +1 and -1, with +1 indicating perfect summation between two steps and -1 indicating complete subtraction. When :r =0, the two-step signal is equal in d' to a single step of the sameAF.
For Experiment 3, Flpn 5. Summatlou functions from the data of Experiments steps that the pattern comprises. The sum may be complete or it may be less than complete, depending upon the temporal separation of the steps within the pattern. Experiment 1 showed that equal units of flF that are added to the magnitude of a single step in excess of a small intercept amount contribute equal increments to the detectability of the step. These step units summate completely. Two positive steps need not be presented simultaneously in order to summate completely. They may be presented successively, like Signal c in Figure I , separated in time by D msec, and summation is still complete when D is as much as 100 msec. This implies that a given change in level of input need not occur abruptly for it to be fully effective. It can be distributed over a substantial length of time and still yield its full effect. More detailed experiments are in progress that investigate this phenomenon in greater detail.
While summation is perfect when D is as large as 100 msec, it becomes less than perfect as D is increased further. The upper two curves in Figure 5 show this function. A rapid decline in~begins to occur when D is some value between 100 and 200 msec, and it continues, at a decreasing rate, out to very large values of D. The decline in~is not yet complete at 500 msec, but it appears to be nearly so at 1,000 msec. A substantial amount of summation remains when D =2,000.
The second generalization is concerned with the detectability of a pattern of two steps of unlike sign. This was studied in Experiment 4 with an increment as the two-step signal (a positive step at t. followed by a negative step at t 1 ) .
When two steps of unlike signs are close together in time, they interact by subtraction. The two-step signal is less detectable than either step alone. When the two steps occur simultaneously, the two-step signal is a null signal and the subtraction is complete. As D is increased from zero, the extent of the subtraction diminishes, becoming zero when D reaches 400-500 msec, as shown in Figure 5 . As D is increased still further, the two steps summate rather than subtract, and the extent of this summation increases slowly with D.
This finding of summation when D exceeds about 400 msec implies that the offset of an increment contributes to the detectability of the increment. Given that a positive step has occurred at t 10 d' is larger if a negative step occurs at t 1 than it is if no negative step occurs, even though in the latter case, the stimulus is at the F +flF level for a greater duration.
When D exceeds 1,000 msec, the detectability of a two-step pattern is greater than that of a single step. The extent to which it is greater probably does not depend upon whether the two steps are of the same or of different sign. Also, the extent is approximately STEP DETECTION 369 that to be expected on the basis of probability summation.
The main experiments studied only two subjects and did that over a wide range of durations. The total amount of data is relatively small, although the results for the two subjects agree closely. Precise quantitative conclusions are not yet justified. More extensive experiments are needed that examine segments of the duration range in greater detail, especially the perfect (see Footnote 4) positive summation for small D and the probability summation hypothesis for large D.
On the basis of these results, it is fair to suggest the possibility that a stimulus increment is not a good choice as a standard, unitary signal for purposes such as testing detection theories or determining the sensitivity characteristics of a sensory system.
THEORETICAL NOTES
The conclusions that have been drawn above are empirical statements that do not imply that detection is determined solely by transient changes in sensory input.
A crucial question at the level of mechanistic theory asks whether the detection of a signal depends upon transient sensory response to sharp signal gradients, upon sustained sensory responses to signal levels, or upon both of these. MacMillan (1971 MacMillan ( , 1973 has argued in favor of the last of these three alternatives, basing his argument on data concerning both recognition and detection.
MacMillan posits two detector mechanisms, a change detector and an integrative detector. The change detector operates on changes in signal level, such as our steps, and the integrative detector "accumulates information about the stimulus over time" (MacMillan, 1973) . The outputs of the two detectors "combine in an unspecified manner to yield detection performance," and the output of the integrative detector is sensitive to signal duration, while that of the change detector is not. MacMillan specifies other characteristics of his detectors that are not relevant in the present context.
Many different models can be constructed around the central idea of an integrative detector. One can begin by stating that a single integration of sensory input is performed on a trial. The integration period is initiated at a particular time, sometimes by an auxiliary stimulus to mark the "observation period" and sometimes, as in the present experiments, by a time estimation on the part of the subject relative to the warning signal. Such a time estimate can be quite precise (Kristofferson, 1976) . The integration yields an output, X, which is a monotonic increasing function of the signal magnitude during the integration period, and detection is determined by a comparison between X and a standard, Z. The value of Z is a function of F, the baseline signal level. In the above experiments, the time of initiation of such an integration would have to be the same for each of the four possible signals because the signals were presented in random order and without foreknowledge. This straightforward integration model cannot explain all of the present results. The perfect summation between two positive steps when D is small is easily accounted for by delaying the initiation of integration until after h. This yields perfect summation and also equal detectability for the two single steps, in agreement with the data. However, as D increases beyond ISO msec, summation becomes less than perfect, and there is no natural explanation for this in the model. Modifying the model to allow Z, the standard, to reflect the increased signal level during the interval between t, and h is very plausible; Z could increase as a function of D and have a latency of about ISO msec, But this would require a separate mechanism to change Z during a time when no integration is performed. Also, it would predict that when D is very large, the extent of summation should be close to zero, which seems not to be the case.
The model is also deficient when it is applied to the case of two steps of unlike sign. It does explain clearly why d I increases as increment duration is increased (because the average signal level during the integration period is increased). But there is no single placement of the integration period relative to t l and h that predicts the observed results. If the integration period is entirely between t l and h, then it is predicted that the negative step at t 1 will have d I =O. If the period is entirely after h, then d I should be zero for S+_. If the period begins either before or after t h but overlaps t 1 , then d I should be larger for the positive step at t l than for the negative step at t 1 • These predictions, and others, are not borne out by the data, and the situation is not improved by modifying the model to allow Z to change, as described above.
A different modification of the model would permit two successive integration periods on each trial, one between t l and t 1 and the second following t 1 , similar to the multiple observations discussed by Kinchla (1969) . Referring again to the case of two steps of unlike sign, this additional assumption, by itself, does not suffice because it predicts that the positive single step at t l is more detectable than the increment and that the negative single step at h is equal to the increment. However, if the two modifications mentioned above are both added to the model, then the situation is somewhat improved, at least when D is large. For the increment, there now is a signal present in both observations, because Z changes prior to t 1 • The single steps now have a signal in one integration period but not in the other. Therefore, the single steps should be equally detectable, and the increment should be more detectable than the single steps. That is consistent with the experimental results reported here, at least qualitatively. However, if Kinchla's (1969) model is then applied, one would expect the increment to yield a d I that is twice that measured for the single steps; that is not the result that is observed.
This discussion is sufficient to show that many integration models are inadequate when they are tested against the data reported here. We have been unable to fabricate one that is satisfactory. This discussion also begins to show the complexity of the class of integration models, but it is incomplete in this regard. For example, an additional degree of freedom of this class of models has to do with the initiation of an integration period. The assumption that the signal to be detected triggers the integration, which then detects the signal, is a logical possibility. It would allow two integrations to be performed for S++ or S+_, while only one would be performed for each single step. But there wouldbeno integration whenSoo ispresented, and any attempt to explain the superiority of two steps over one, which is close to the factor V2when D is large, in terms of Kinchla's (1969) model, meets defeat.
The change detector that MacMillan (1971) postulated for intensity discrimination was assumed to have the property of being sensitive to change without transmitting information identifying the direction of the change, the latter being accomplished by the integration detector. He was led to this inference by his major finding that discrimination between an increment and a decrement of the same amplitude and duration is much better than that between an increment and a null signal when signal duration is long, but not when it is short. His data suggest that a decrement is actually more similar to an increment than it is to a null signal, when duration is very short. A very different interpretation of this result is possible, however, which assumes that the change detector does transmit both sign and amplitude information. As pointed out above in the introduction, an increment and decrement are identical in that both contain one positive step and one negative step. They differ in the temporal order of the two steps. Therefore, when they are widely separated in time, the temporal order of their sign information can be used to discriminate between them, but this information is degraded when the time between the steps is small. This temporal order information is not necessarily relevant to the discrimination of either an increment or a decrement from a null signal.
It is obvious that any attempt to account for the present detection results, solely in terms of a change detector mechanism, would have to assume that the sign of each change is important to detection. The sign of the second step in a two-step pattern in relation to the sign of the first step strongly determines the contribution of that step to the detection of the pattern.
It is possible to see how a change detector mecha-nism might account for the results reported here, but only in general terms. Suppose that in the presence of the baseline tone of frequency F, internal changes do occur from moment to moment that are recorded by the change detector. Assume further that an average level is maintained over time so that when a change occurs, the probability is raised that the next change will occur soon and that it will be opposite in sign. Therefore, two changes induced by signal steps will be more similar to noise if they are opposite in sign and also more similar to noise if, in addition, they are close together in time. On the other hand, two changes in the same direction will be relatively unlikely to occur in close temporal proximity in the presence of a null signal, and a signal pattern of two steps of like sign will be relatively highly detectable.
